Nanoparticle uptake and gene transfer efficiency for MSCs on chitosan and chitosan-hyaluronan substrates.
Nanoparticles (NPs) are usually surface modified to increase endocytosis for applications in cellular imaging and gene delivery. The influence of cell culture substrates on endocytosis remains relatively unexplored. This study investigated the substrate-mediated effects on the uptake of NPs by mesenchymal stem cells (MSCs). Two types of NPs were employed, negatively charged paramagnetic iron oxide (Fe(3)O(4)) NPs (~5 nm) and bare plasmid DNA pTRE-Tight-DsRED2 (3.3 kb, ~5 nm), each of which were poorly endocytosed by the adipose-derived MSCs grown on tissue culture polystyrene (TCPS). When cells were cultured on chitosan or hyaluronan-modified chitosan (chitosan-HA) membranes, significant increases (>5-fold) in the intracellular uptake of Fe(3)O(4) NPs as well as transfectability of plasmid DNA were demonstrated. The enhancement in transgene expression was more pronounced than that using the transfection agent. The beneficial effects were not caused by elevated proliferation or a change in the differentiation state of interacting MSCs. On chitosan and chitosan-HA, cells moved fast and formed spheroids. The cytoskeletal arrangement associated with the up-regulated RhoA activity during spheroid formation may have accounted for the increased endocytosis. Using different inhibitors, the endocytosis pathways were further clarified. Both Fe(3)O(4) NPs and plasmid DNA were taken up primarily by clathrin-mediated endocytosis on chitosan (~50%). The caveolae-mediated endocytosis on chitosan-HA was more evident (~30-40%) than that on chitosan (<25%). For plasmid DNA but not Fe(3)O(4) NPs, macropinocytosis also occurred on both substrates. Chitosan and chitosan-HA as cell culture substrates may activate different endocytic pathways of MSCs to increase NP internalization or plasmid transfection. The substrate-mediated endocytosis described here may represent a new and potentially attractive approach to facilitate stem cell labeling or to improve gene delivery efficiency without altering cell viability and differentiation.